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ABSTRACT 

This report oovera tha doralopsiantal work earriad on daring 
the pariod from 2$ January 195H through 30 April 195U on N*T7 Contract 
NObsr-52589o    Tola report la prepared in acoordanoa with Military Speci- 
fication JOL-R-978(SHIPS), "Reports and Klorofiint    Raaaaroh and Dwl- 
opa»nt"• 

WMMKIIHWi' 
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PART I 

PURPOSE 

The purpose of this project i» the design, derelopaent, and 
production ot fire Radio Interferencs - Field Intensity Measuring Equip- 
ments for ultra- and euper-high«-frequenny usa^e.    These equipments are 
to be designated AN/URM^2(XH-l). 

»»-»>-»-* 
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OENERAL FACTUAL DATA 

ENQDIEFRINO PERSONNEL ASSIGNED TO THIS WORK. 

1. Donald Radaaoher 

2, Kendall Wlnborna 

3 James Shaw 

Uo Henry Leknovioh 

5«. Robert Pierce 

6c Oeorge Buenger 

7t Leslie Freeman 

8, Sara Hathaway 

9* June La Vache 

10c Kannath Mann 

H« Alexander Mo Aden 

Projeot Engineer 

Projeot Engineer 

Assistant Projeot Engineer 

Mechanioal Designer 

Mechanical Designer 

Laboratory Assistant 

Draftsman 

Draftsman 

Draftsman 

Draftsman 

Teoanioal Writer 
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DETAIL FACTUAL DATA 

OENERALi 

The work suseaarlted in this report inoludes partial calculation 
of the antenna factor*' for the three antenna* chosen for use with the 
equipnent, redeeign of the iapulse noise generator, and changes which era 
In process on redesign of the equipment mounting and carrying facilities| 
certain redesign has also bean done on the 60 Megacycle conrertaro 

It is contemplated, at this tiae, that the next  report will con- 
stitute the Final Derelop—nt Report* 

The following are included with this reportt 

Figure 1,     Antenna AT-4*8/UP Aperture 

Figure 2o      URK-17 Input Circuits 

Figure 3»      Hixer Input Cirouit 

Figure U,      Modified Kixer Input Cirouit 

Figure ?o      lapels9 Noise Oenarator*  Scheraatio  Diagran 

G07PJINMLNT FURMSHED FQOFMENTt 

All tuning units to be utilised on this contract:    5 eachs 
TN-128, TM-129B.  T\;-130,  and TB-131 have been received and modified 
for use on thin projeot. 

In addition, two each of the following pignal gm.eratora 
her? bean repaired: 

T3-U03/U 
TS-U19/U 
TS-6"1/U 
rs-622/o 

The "S-l:19/U generators were apparently handled roughly 
during shipment since the klystron oscillator tubes had  worked out 
of their sookets nnd bags of silica gel were broken open and the 
contents had br-en well distributed in the greasy dial gear trains> 
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ANTENNAS I 

General» Three antennas vere originally oonsldered far the 
AN/URM-4«2(XW-i) equipment In order to adequately cover the frequency 
range of from 1 to 10 taws. These antennas aret 

Antenna AT-^A/APH-J*    1 kno to k  kaoa 

Antenna AS-23/AP       1.55 kmo to $02  kmes. 

Antenna AT-J*8/UP       5,2 kmoe to 11 kaoa 

Initially, these antennas were modified to the extent of provid- 
ing a mounting rod on eaoh antenna base to permit mounting in a tripod masta 
These mountings are oriented in the mast by means of a simple keying meoh- 
anism in order that the directional characteristic of the antenna will co- 
incide with the azimuth dial pointer and asimuth oire la at the foot of the 
mast. This faoilitates the taking of azimuth bearings on a reoeived signal, 

Originally, no prorisions were made for orienting the antennas in 
the vertical plane. This condition is to be corrected in order that the 
antenna faotoro be based on orientation for mariaum response to the signal 
souroe,, 

Antenna AT-U8/UP; At micrownve frequencies, the loss resistance 
in an antenna oan be considered to b» very small. For instance, assume 
that all the power abstracted from th* passing wave by the antenna is de» 
livered to the connected load. Then it can be shown* that 

Maximum Possible „  QE*A } 
F^ceived Power      LQQ 2" 

(1) 

where!    0 • power gain of antenna relative to an isotropio 
radiator 

A «< wavelength 
B -* rolts per unit length in same units that  A is 

expressed in* 

This power can be considered as the power contained In a seotion 
of the wavefront having an area A and is iourd to have the value* 

A      °^ (2) 

The area A is the effective absorption area and is generally less than the 
aotunl aperture trea)    typioally 60 to 80 peroent as great•    A is expressed 
in the same units as X  o    In determining the factors for this antenna, we 
will assume 70£ efficiencyo 

•    See "Eleotronio Measurements" by Terman it Pettit|    pp 1*37 

CONFIDENTIAL 

-5- 



CONFIDENTIAL 

Combining formula** (l)  and (2)p we havei 

,2 
vl = 

AE 
120* 

(3) 

Thus, we find that the power absorbed by the antenna Is directly propor- 
tional to the aperture area A (so long as the larger aperture dimension is 
greater than a quarter wavelength) and independent of frequency,, 

The pperture are* of Antenna AT-Ji8/UP is rectangular in shape 
(see figure     I      )»   Assuming 70^ effioioncyi the effeotire area in square 
meters is OTCoTTT 

Figure 1,    Antenna AT-U8/UP Aperture 

I'sinf; equation (3)f the power dollvered to tae antenna load by 
a .Cield Intensity of one miorovolo per neter isf 

w        0,0321 (Mf£   .    c;„57 x jff-U „%u 

Thn ToltaRp developed Across the !>C-oh* load by 5<,$7 X 10*1*5 vatts ist 

E - (w^)1^2 -.: (50 x 5,57 i io-18)V^ 

ea 163? I 10^9 rolts 

= 0,0167 wioroTolts 

The basio nrnaltivity of the AN/URH-li2(XN=l) is 10 microTolts 
(the output meter aonJe is narked 1 to 100 mf.crorolts? biit the lowest 
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attenuator setting has an 110 correcting factor)«    The antenna factor, 
therefore, will bat 

K — 10 gy (smallest output meter voltage tmltj 
bToXSTtnf (voltage delivered by antenna froa 

a 1 ur-per-oeter field) 

600 

The AT-lj8/uT horn antenna has a nominal operating frequency 
coverage of 5000 to 6000 megacycles,    The throat of the horn consists 
of a short section of 0ok$ in* by 0»90 ln0 waveguide.    The cutoff wave- 
length of a rectangular waveguide of these dimensions for the TE^o 
node la 

afl m 2a - 1.8 ino =  k*$7 cmt 

- 6.,5 kacs 

This oetina that below 6.5 fcmoa, the signal will be attenuated by the 
waveguide section and the antenna faotor will riee above 600» 

Antenna AS-23/APt    Faotore oannot be oomputed for   this antenna 
over its frequonoy range "a? this tliae.    The antenna consists of an untuned 
dipole vlth a nin^le,, fixed-length, reflector element.,    The self-resonant 
frequency of the antenna as a half-.fare dipole is approximately 3 loseso 
Approximate data oan be derived by comparing this antenna with the other 
two antennas in the overlap region^ 

Antenna AT^4i9A/AFft-lii    The faotor for the cone antenna oan be 
derived in the same Banner aa was that for the horn antenna since the 
oone can be regarded as a type of horn when the sides of the cone are 
severe], wavelengths longo    Cone antennas are broad-band devices which 
have a useful frequency coverage ratio of 10 il«    The AT4j9A/APR-ii was 
designed for a frequecoy range of 300 to 3000 megacycles with an input 
VSWR of lees than 2-,      A cone antenna could be designed to oover the 
frequency range 1 kao to 10 kmesi    however, its faotor would be several 
times greater than that of the AT-li8/UP horn antenna,, 

Aside froa an increasing VSWR, the uppermost frequency of the 
oone antenna is determined by the radiation pattern.    When the oone 
length (for a given frequency) (3|   of a cone approaches 15# the radi- 
ation pattern in the vertioal plane oonsists of so many lobes that 
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proper orientation of the antenna is impossible,   yt   for the AT-4;9A/APR-U 
antenna at U kmoa 1st 

27T t-Tl-l- 
wherejL (length of oone eide) is expressed in 

the same units as A o 

P ,= 2TI lj.? w » i3o8 

The oone antenna factor will, of course, be derived on the 
basis of orientation for maximum response. We will assuae the antenna 
loss resistance to be negligible. The cone input impedance at the base 
was designed for 79 ohmsj however, we will assume the ?8«to-!>0 ohm 
taper to be efficient and that all the power extracted from the passing 
wave by the antenna to be delivered to the cornected loado 

The basic aeneitivity of the AN/URM-W(lN-l) i8 10 microvoltsi 
the smallest output neter indioaticn represents 10 microvolts. The 
power required to develop 10 microvolts aoroiis the input impedsnoe to 
the AN/URM^2(XN-1) lsi 

H      ?2 (10 * ID"*)2 

* r :~ —~&— 
»2I 10*12 iratts 

Thie is the power that met be delivered by Lhs antenna tc the r-f in- 
put in order to causa a 1 niorovoit deflection of the output meter in 
the X10 position of the attenuator switch (•t.raight-through section). 
The field intensity in microvolts-per-meter roquired to piovide this 
power can be determined from the aquatloni 

"-ilk <3> 

E2 —    120 7t (? I 1Q-12) 

E        (?$7 i IUT*2)*/*   BicroroltB/aeter a) 

vr 
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The ratio of £ in raiororolta-per-Bfter to tbo smallest output neter 
voltage unit will be the antenna faotor K,, 

E UT 

Repeating formula (2): 

10 -ay 

0A' A-inr (2) 

«e see that the antenna effeotive absorption area ie dependant an wave* 
length and on the power gain 0 (directivity),    The directivity oan be 
obtained from the antenna radiation pattern and la 

0 a Kaximun Radiation Intensity 
Average Radiation Intensity 

The radiation pattern of a cone antenna varies considerably over its 
frequency range.    Therefore, the antenna faotor will vary accordinglyo 
We are in the process of acquiring radiation patterns from vhioh direo- 
tivlty data can ba obtained >    Actual onlculation of the cone faotor, 
then, nuet await reoeipt of this data from the nanufaoturero 

60-ME3ACYCLE CONVERTER! 

Undenired signal attenuation was discovered in the input 
circuits to the modified URH-17 portion of the AN/0RM--O2(XN~l) equip- 
ment .    Ses figure 2, 

h 0 u F I 
160-MC Output 
froo R*F Head Low-Pao3_ 

Filter ""% 

0 R H - 1 7      PiiiT 

, Mixer        60-MC I-F 
/ f /Amplifier 

  
Attenuator 

220-MC 
Oscillator 

Figure 2„    URM-17 Input Circuits 
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For proper operation of the attenuator, it is important that 
it be loaded with ita own oharaoteriatio inpodanoe of $0 ohms*    The in* 
pat impedance of the mixer cirouit at point X (see figure 3) was meas- 
ured, using a Hewlett Paokard Model 8031 Very-High-Frequency Iapedanoe 
Bridge*    The impedance was found to be equal to 60 • J12 at 160 mega- 
cycles o 

Mixer Input 

Figure 3=    Mixer Input Cirouit 

Thla impedance wae deemed unnecessarily high and the mixer input cir- 
cuitry was modified (see figure k)o    The input iapedanoe of the mixer, 
as measured as point X of the modified oirc: .t is now equ£.l to U8 • Jo 
This iapedanoe io equivalent to a VSV/R of I0L6 and ia thovght to be 
entirely satlafactory 

Mlxor Input 

Figure U«    Modified Mixer Injrot Circuit 

IMrtJLSL NOISE GENERATOR! 

A change has been effeotad in the magnetic drire cirouits 
of the Impulse Noiae Generatoro    The transistor and push-pull ampli- 
fier has been replaced with a dual-triode multivibrator cirouit of 
conventional circuitry..    This ohange reaulted in lower oost, a smaller 
number of partsp and simplicity In circuit design»    A schematio dia- 
gram of the new Impulse Noise Generator ia contained in figure 5<> 
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MOUNTINO AND CARRnNO FACILITIES! 

After building the model of the AN/URM-Ji2(XN-l) described 
in the report dated 15 November 1952, it beoame apparent that the 
main assembly of the equipment on a single Mounting board was too 
heavy and excessively bulky*, 

After considerable thought, it has bean decided to redesign 
the mounting and carrying facilities of the equipment.   This work is 
now in progress.    It is likely that the two power supplies will be 
carried in one case and a single tuning unit, the RI-FI Meter, and 
the Impulse Noise Generator in another ease with the antennas and 
cables*    A third oase will probably contain -he other three tuning 
unite and possibly the tripod. 

CONCLUSIONS! 

Performance of the 60-ap|aoyole converter haa been highly 
satisfactory and no further time will be devoted to this circuit. 
Orerall operation of the equipment ie fast approaching design toler- 
ances and figures and the major portions of -.he electronic circuitry 
oan be considered final in their present foru    More work, however, 
is contemplated on equipment mounting and carrying prorisions as 
well as on antenna calculations anci design. 
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PART 2 

PROGRAM FOR NEXT INTERVAL! 

Effort will be direoted toward the oompletic* of all daeign 
and construction work In the next period in order that the final phases 
of ayatea testing can be ooapleted and the aquipaent oan be ahipped at 
the earliest possible date. 
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